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(54) METHOD FOR DETECTING TORQUE OF WAVE MOTION GEAR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To propose a method for 
detecting a torque of a wave motion gear device which can 
precisely detect a transmission torque based on an output of a 
strain gage laminated on a flexible external tooth gear. 
SOLUTION: The method for detecting the torque of the wave 
motion gear device includes the steps of gain regulating and 
then compositing outputs from a plurality of sets of strain 
gages laminated on a diaphragm of the flexible external tooth 
gear by an amplifier, and generating a detection signal. A 
rotating ripple including in the output can be compensated by 
gain regulating each strain gage output. When components up 
to an n-th order included in the rotating ripple are 
compensated for, the rotary ripple can be surely compensated 
by laminating (2n+l) or more strain gages. 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

In the torque detection approach for detecting the transfer torque in the wave-motion gearing 
which generates the relative rotation which originates in both [ these ] gearings 1 number-of-teeth 
difference by stir-frying a flexible external-tooth gearing in the shape of an ellipse, engaging 
partially to a rigid internal gear, and moving both [ these ] gearings' engagement position to a 
circumferencial direction among both [ these ] gearings, 

The gain-adjustment process which performs the gain adjustment of the output signal from the 
strain gage of two or more sheets stuck on said flexible external-tooth gearing's front face, 
The signal composition process which compounds the strain gage output signal after a gain 
adjustment is included, 

The torque detection approach of the wave-motion gearing characterized by performing the gain 
adjustment of each strain gage output signal so that the rotation ripple which originates in 
distortion of said flexible external-tooth gearing generated with regards to transfer torque at said 
gain-adjustment process that there is nothing, and is contained in a strain gage output signal can 
be removed or controlled. 
[Claim 2] 
In claim 1, 

The torque detection approach of the wave-motion gearing characterized by compounding the 

detecting signal obtained from the strain gage of at least three sheets stuck on the angular 

position from which the circumferencial direction in said flexible external-tooth gearing's front 

face differs. 

[Claim 3] 

In claims 1 or 2, 

The torque detection approach of the wave-motion gearing characterized by carrying out the 
number of sheets of a strain gage to more than ** (2n+l) when the degree of said rotation ripple 
component to compensate is set to n. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the torque detection approach for detecting the output output torque of 



? 



wave-motion gearing. Furthermore, this invention relates the output output torque to the torque 
detection approach of detectable wave-motion gearing with a sufficient precision in detail using 
the strain gage stuck on the flexible external-tooth gearing concerned using the elastic 
deformation of the flexible external-tooth gearing of wave-motion gearing. 
[0002] 

[Description of the Prior Art] 

Wave-motion gearing consists of wave-motion generators made to move an engagement position 
to a circumferencial direction while it stir-fries to radial a rigid internal gear, the flexible 
external-tooth gearing stationed at this inside, and this external-tooth gearing and engages them 
partially to an internal gear so that it may be well-known. Generally a flexible external-tooth 
gearing is stir-fried by the ellipse form by the wave-motion generator of an ellipse form profile. 
If a wave-motion generator is rotated by a motor etc., since relative rotation will occur among 
both [ these ] gearings based on the number-of-teeth difference of an internal gear and an 
external-tooth gearing, a moderation rotation output can be obtained from the gearing of another 
side by fixing one gearing. 
[0003] 

In order to detect the output output torque of this wave-motion gearing, the method of using a 
flexible external-tooth gearing's elastic deformation is learned. As shown in drawing 1 , the cop- 
like flexibility external-tooth gearing 1 currently generally used consists of the cylindrical drum 
section 2 with flexibility, disc-like diaphram 3 which is following this end, a boss 4 currently 
formed succeeding a part for the core of diaphram 3, and an external tooth 5 formed in the 
periphery part of the opening edge of the cylindrical drum section 2. In this case, a strain gage 
can be stuck on the cylindrical drum section 2 or diaphram 3, and the output output torque can be 
detected based on the output from here. 
[0004] 

However, the flexible external-tooth gearing 1 is stir-fried by the ellipse form, and is made to 
carry out forcible deformation of each part of the flexible external-tooth gearing 1 concerned 
with rotation of a wave-motion generator by the wave-motion generator by the repeat radial. 
Therefore, a distortion unrelated to transfer torque occurs on the flexible external-tooth gearing 
1 . It goes to each part of the flexible external-tooth gearing 1 and comes back two times by the 
fixed range of fluctuation towards radial for every rotation of a wave-motion generator. 
Therefore, distortion which is unrelated to transfer torque turns into distortion of the shape of a 
sine wave which makes two periods a primitive period per wave-motion generator 1 rotation (a 
round term 180 degrees). 
[0005] 

In the former, as shown in drawing 1 , mutually, the strain gage group fl (p), (Rl, R2), the strain 
gage group f2 (p), and (R3, R4) tend to be shifted on the cop-like flexibility external-tooth 
gearing's 1 front face, for example, the front face of diaphram 3, it tends to be stuck on it, and it 
is going to cancel the distorted component of a primitive period based on the output from both 
sides. [ 90-degree ] However, by this approach, the rotation ripple component whose linearity of 
a detection output has the component of a short period (integral multiple of a primitive period) in 
a detection output insufficiently will remain. 
[0006] 

In order to cancel distortion of a primitive period and a secondary component (a round term 90 
degrees) The group which shifted 45 degrees of strain gage groups fl (Rl, R2) and f2 (R3, R4), 
and stuck them mutually as shown in drawing 2 , 90 degrees of groups which shifted 45 degrees 



2 



of strain gage groups f3 (R5, R6) and f4 (R7, R8), and stuck them mutually are shifted mutually, 
and the attempt which sticks the strain gages R1-R8 of a total of eight sheets is also made. 
Furthermore, in order to raise the linearity of a detection output, the group (fl, f2) of a strain 
gage group is arranged to the symmetry in 360 degrees, and the attempt which sticks the strain 
gage of a total of 16 sheets is also made (f3, f4). Such an approach is indicated by the following 
patent reference. 
[0007] 

[Patent reference] 

JP,9-184777,A 

[0008] 

[Problem(s) to be Solved by the Invention] 

However, even if such, compensation of a rotation ripple is still inadequate. According to this 
invention person's etc. experiment, these errors are factors with main attachment position error of 
a strain gage, errors (asymmetry etc.) of a flexible external-tooth gearing dimension, and a 
gearing's assembly error, for example, the attachment position error of a strain gage sake ~ the 
sensibility and the phase of a signal of each strain gage — differing — a rotation ripple - 
cancellation — or it cannot fully control. 
[0009] 

The technical problem of this invention is about the distortion component (rotation ripple) which 
is generated on a flexible external-tooth gearing regardless of transfer torque with rotation of a 
wave-motion generator and which is changed periodically to propose removal or the torque 
detection approach of wave-motion gearing which can fully be controlled. 
[0010] 

[Means for Solving the Problem] 

In the torque detection approach for detecting the transfer torque in the wave-motion gearing 
which generates the relative rotation which originates in both [ these ] gearings' number-of-teeth 
difference by this invention's stir-frying a flexible external-tooth gearing in the shape of an 
ellipse, engaging him partially to a rigid internal gear, and moving both [ these ] gearings' 
engagement position to a circumferencial direction in order to solve the above-mentioned 
technical problem among both [ these ] gearings, 

The gain-adjustment process which performs the gain adjustment of the output signal from the 
strain gage of two or more sheets stuck on said flexible external-tooth gearing's front face, 
The signal composition process which compounds the strain gage output signal after a gain 
adjustment is included, 

At said gain-adjustment process, it is characterized by performing the gain adjustment of each 
strain gage output signal so that the rotation ripple which originates in distortion of said flexible 
external-tooth gearing generated with regards to transfer torque that there is nothing, and is 
contained in a strain gage output signal can be removed or controlled. 
[0011] 

Moreover, he is trying to compound the detecting signal obtained from the strain gage of at least 
three sheets stuck on the angular position from which the circumferencial direction in said 
flexible external-tooth gearing's front face differs in this invention. 
[0012] 

Furthermore, in this invention, when the degree of said rotation ripple component to compensate 
is set to n, it is characterized by carrying out the number of sheets of a strain gage to more than 
**(2n+l). 
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[0013] 

[Embodiment of the Invention] 

The torque detection approach of the wave-motion gearing which applied this invention to below 

with reference to the drawing is explained. 

[0014] 

The rotation ripple component contained in the output of the groups fl-f4 of the strain gage stuck 
at intervals of the predetermined include angle as shown in the front face of the cop-like 
flexibility external-tooth gearing's 1 diaphram 2 at drawing 2 is expressed with a degree type (1). 
In addition, formula (1) - (4) is an example in case only a secondary component and the 4th 
component exist in a rotation ripple. 
[0015] 
[Equation 1] 



fi(p) = a n sin(2p + ty u ) + a 2 isin(4p + $ 2 i) 
flip) = 0i2sin(2p + i/> n) - a 22 $m{4p + $ 22 ) 
hip) = -ai3$m(2p + i> 13) + fl23sin(4p + i/> 23) 
Uip) = -ai 4 sin(2p + i> 14 ) - fl24sin(4p + i> 24 ) 



y (i) 



j 



[0016] 

Conditions for a total of h (p) of a rotation ripple component to become zero are expressed with a 
degree type (2), and this can be expressed as following simultaneous equations (3). 
[0017] 
[Equation 2] 

*\ 

hip) = (anCOSi/> ii - ai2sint|» 12 - ai 3 sint/> 13 + ausini/) i 4 )sin(2p) 



+ (flnsint/) n + ai 2 cos t/> 12 - a^sin if) ^ - a 14 cos t/> u ) cos (2» 

+ (a 2 lCOS $ 21 - <I22C0S ^ 22 + «23COS t 23 ~ A24COS $ 2 4> Sin(4/?) 

+ (a 2 isin t/> 21 - a 2 2sin ip 22 + a23sin i|> » - a 2 4siii ^ 24) cos (4p) = 0 



> (2) 



J 



[0018] 
[Equation 3] 



4 



0nCost/> 11 - ausinipn - fliasint/) i3 + ai 4 sini/> 14 = 0 
flnsin^ n + oncost n - ai 3 sim/> i3 - aucosty u = 0 

a2lC0S ^ 21 " 022COS T/> 22 + a23COS $ 23 ~ 024COS t/> 24 = 0 

a 2 isin ?/> 2i - «22sin i/> 22 + <*23sin tl> 23 - a24sin t/> 24 = 0 



>" (3) 



[0019] 

What is necessary is just to adjust amplitude al l-a24 or phases psil l-psi24, in order to realize a 
formula (3). Although it is difficult to adjust a phase after pasting up a strain gage, adjustment of 
the amplitude can be easily performed by adjusting the gain of amplifier. For example, what is 
necessary is just to adjust the gain kl , k2, and k3 of amplifier so that a degree type (4) may be 
satisfied in order to compensate the ripple of a primitive period. 
[0020] 
[Equation 4] 



ki = 



fciflucos^ ii -k&nsmi}) 12 -k&ncosty 13 + a^sin^ i4 = 0 



Mnsin t/> a + fc^cos^ n - Mi3sim/> n - a u cos t/> u = 0 



M4) 



[0021] 

Observing the total ripple signal with a wave measuring instrument etc., directly, gain kl, k2, 
and k3 adjusts in volume etc., and it can adjust each gain parameter to arbitration so that a ripple 
output may become min. The solution of the equation (4) for which it instead asked by the well- 
known simultaneous-equations solution method may be used. 
[0022] 

Next, the minimum number of a strain gage required since a rotation ripple can be compensated 
completely is examined. The general expression of a rotation ripple is a degree type (5). n is the 
number of rotation ripple components to compensate here, and N is the number of strain gages 
(the number of attachment locations, equiangular arrangement). 
[0023] 
[Equation 5] 



5 



n N 



r 



n N 

-£?./ 



0-l)7C 

2ip + + 



(5) 



a,yCOS 



N 



sin(2i» + atjsm 



r (j-\)7t 



N 



J 



cos(2*p)l 



[0024] 

In order for the rotation ripple specified by this equation to become zero, the following linearity 
simultaneous equations (6) need to be materialized. 
[0025] 
[Equation 6] 



N 
N 



r (j-l)7t 



N 
N 









n 


= 0 






/ = 1 




n 


= 0 










f = 1 J 



[0026] 

In this invention, the gain parameter kj is added to each strain gage j for compensation of a 
ripple. That is, the gain parameter kj is multiplied by the amplitude aij. A formula (6) is rewritten 
like a degree type (7). 
[0027] 
[Equation 7] 



r 



UijCOS 



aysm 



0-1)* 



s. N 
r (j-l)7t 



N 



ij 



j —i 



[kiU = Q (7) 
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[0028] 

In these linearity simultaneous equations, conditions for the solution which a gain parameter 
does not have to exist can be expressed with a degree type (8). 
[0029] 
[Equation 8] 

2n+l (8) 



[0030] 

For example, when compensating only a primitive period component, n= 1, therefore N are three 
or more, and this means that the strain gage of three or more sheets is the need. Moreover, when 
compensating even secondary period components, n= 2, therefore N become five or more, and 
the strain gage of five or more sheets is needed. 
[0031] 

Here, the compensation principle of a primitive period rotation ripple is shown in drawing 3 . As 
shown in drawing 3 (a) and (b), when 2 sets of strain gages fl and f2 are used, compensation of a 
rotation ripple is impossible. However, if the gain adjustment of each strain gage is performed 
using 3 sets of strain gages fl, f2, and D as shown in drawing 3 (c) and (d), it turns out that a 
perfect compensation of a rotation ripple is attained. 
[0032] 

Although the solution of the simultaneous equations of an equation (6) exists innumerably, in the 
case of N=2n+1, it can be chosen freely [ one gain parameter ]. For example, one of the gain 
parameters can be chosen as "1", and a gain adjustment becomes unnecessary to 1 set of strain 
gages in this case. "1", kj=l [ i.e., ], then the gain parameter of the remaining individuals (N-l) 
are asked for the gain parameter of the Jth strain gage from the following formula (9). 
[0033] 
[Equation 9] 



a ; ,cos 



+ 

N 



N 



-l r- 



+ 0u 

N 



N 



+ 4>U 



(9) 



[0034] 

After a gain adjustment, in order to make it not different [ the gain of the whole output ] from 

before adjustment, a scaling is carried out by the degree type (10). 

[0035] 
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[Equation 10] 

c= — ^— (10) 



y k. 



[0036] 

C is a scaling multiplier and the value of a final gain parameter serves as k'J=Ckj. 
[0037] 

According to this invention, since compensation of a ripple is performed in the balance of the 
easy amplitude, it is realizable for a high speed also in an analog circuit or a digital circuit. 
[0038] 

Next, drawing 4 is the outline block diagram showing an example of the torque detection 
equipment of the wave-motion gearing constituted based on the new matter which became clear 
by this invention person etc. As for the torque detection equipment 10 of this example, 3 sets of 
strain gage groups f (p), and f (p+120) and f (p+240) are stuck on the front face of the cop-like 
flexibility external-tooth gearing's 1 diaphram 3 at intervals of 120 degrees. Each strain gage 
group consists of strain gages of the pair stuck on the condition of intersecting perpendicularly. 
The output from each strain gage group is outputted as a detecting signal, after the gain 
adjustment was carried out by amplifier 11,12, and 13, respectively and being compounded with 
an adder 14. A rotation ripple can obtain the detecting signal compensated completely by 
performing a gain adjustment appropriately, as prescribed in an upper type (4). 
[0039] 

A concrete example of a circuitry Fig. of torque detection equipment 10 is shown in drawing 5 . 
The detection section serves as 3 sets of rectangular biaxial mold strain gages (Rl, R2) which 
constitute 3 sets of strain gage groups f (p), and f (p+120) and f (p+240), (R3, R4), (R5, R6), and 
a bridge circuit that consists of fixed resistance R7 and R8 of a pair. 
[0040] 

The output fluctuation curves fl, £2, and f3 to angle of rotation of the wave-motion gearing in 
each strain gage group f (p), and f (p+120) and f (p+240) are shown in drawing 6 (a). The 
synthetic output fluctuation curve at the time of compounding these outputs is shown in drawing 
6 R> 6 (b). The synthetic output fluctuation curve after the gain adjustment was carried out to 
drawing 6 (c) by the torque detection equipment 10 of this example is shown. When drawing 6 
(b) and the curve of (c) are compared, the torque detection equipment 10 of this example shows 
that the detecting signal compensated for the rotation ripple is obtained so that clearly. 
[0041] 

Although what is necessary is just to arrange a strain gage to include-angle within the limits of 
180 degrees here as shown in drawing 1 and 2 according to the above-mentioned radical 
Motohara ** of this invention, when it has arranged to include-angle within the limits of 360 
degrees like this example, there is an advantage that the low frequency component of 1 rotation 1 
period by eccentricity can also be compensated. 
[0042] 

Next, drawing 7 has shown an example of the torque detection equipment for compensating the 
fundamental-wave component and secondary component which are contained in the rotation 
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ripple. Since the torque detection equipment 20 of this example is n= 2, 5 sets of strain gage 
groups f (p), and f (p+72), f (p+144), f (p+216) and f (p+288) are stuck on the front face of the 
cop-like flexibility external-tooth gearing's 1 diaphram 3 by the equiangular distance. Each strain 
gage group consists of strain gages of two sheets stuck on the condition of intersecting 
perpendicularly. After the gain adjustment of the output from each strain gage group is carried 
out through each amplifier 21-25, it is supplied and compounded by the adder 26. Consequently, 
the detecting signal compensated for the rotation ripple can be outputted. 
[0043] 

[Effect of the Invention] 

As explained above, according to the torque detection approach of the wave-motion gearing of 
this invention, it was checked by compounding, after carrying out the gain adjustment of the 
output of each strain gage that the rotation ripple which is the periodic fluctuation component 
which is unrelated to the transfer torque included in the strain gage output can be compensated. 
[0044] 

in order [ moreover, ] to compensate with this invention the component of each degree included 
in the rotation ripple - the minimum ~ it asks for required strain gage number of sheets, and the 
rotation ripple component to a need degree can be certainly compensated based on this. If it puts 
in another way, it will become possible to compensate a rotation ripple with the strain gage of the 
minimum number of sheets efficiently. Since there is little number of sheets of a strain gage and 
it ends, the efficiency of an attachment activity etc. can be increased and it becomes 
advantageous to reduction of the cost of a detection device. 
[Brief Description of the Drawings] 

[Drawing 1] In order to detect the transfer torque of wave-motion gearing, it is an explanatory 
view for explaining the rotation ripple contained in the detecting signal at the time of using a 
strain gage. 

[Drawing 2] In order to detect the transfer torque of wave-motion gearing, it is an explanatory 
view for explaining the rotation ripple contained in the detecting signal at the time of using a 
strain gage. 

[Drawing 31 It is an explanatory view to show that the strain gage of at least three sheets is 
required in order to cancel the primitive period component contained in a rotation ripple. 
[Drawing 4] It is the outline block diagram showing a part for the principal part of the torque 
detection equipment of the wave-motion gearing which applied this invention. 
[Drawing 51 It is the circuit block diagram showing the concrete example of circuitry of the 
torque detection equipment shown in drawing 4 . 

[Drawing 61 (a) is a graph which shows the output fluctuation curve to angle of rotation of the 
wave-motion gearing in 3 sets of each strain gage groups, and (b) is a graph which shows the 
synthetic output fluctuation curve at the time of compounding these outputs, and it is a graph 
which shows the synthetic output fluctuation curve after the gain adjustment was carried out to 
drawing 6 (c) by the torque detection equipment of drawing 5 . 

[Drawing 71 It is the outline block diagram showing a part for the principal part of the torque 
detection equipment of the wave-motion gearing which applied this invention. 
[Description of Notations] 

1 Cop-like Flexibility External-Tooth Gearing 

2 Cylindrical Drum Section 

3 Diaphram 

4 Boss 
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5 External Tooth 
10 Torque Detector 
11,12, and 13 Amplifier 
14 Adder 



[Translation done.] 
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